nol red-free (PR(Ϫ)) Dulbecco modified Eagle medium (DMEM) medium. After the cells were incubated at 37°C for 30 min to remove adherent cells, 5 ml of the cell suspension was layered on 4 ml of Lympholyte-Mouse (Cedarlane, Hornby, Canada) and centrifuged at 1500ϫg for 30 min. The lymphocyte band at the interface was recovered, and the cells were rinsed three times with PR(Ϫ) DMEM medium. The cells were cultured for 7 d in the experimental culture systems and the Ig content of the culture supernatant was measured by ELISA.
Removal of Sex Hormones by Charcoal-DextranTreated Fetal Bovine Serum
Charcoal was washed twice with cold sterile water immediately before use. A 5% charcoal suspension in 0.5% dextran T70 (Phamacia-LKB, Uppsala, Sweden) of the same volume as serum was centrifuged at 1000ϫg for 10 min. Supernatants were aspirated, and the serum aliquot was mixed with the charcoal pellets. This charcoal-serum mixture was maintained in suspension by mixing 4 times/min at 56°C for 30 min. This suspension was centrifuged at 1000ϫg for 20 min. This procedure was repeated twice, and the supernatant was filtered through a 0.20-mm cellulose acetate-filter. The charcoal dextran-treated FBS (CDFBS) was stored at Ϫ20°C until needed.
Measurement of Ig Contents in Culture Supernatants
Mouse Igs were measured by the sandwich ELISA method. Rabbit anti-mouse IgA, goat anti-mouse IgG, F(abЈ) 2 fragment of rabbit anti-mouse IgM, and rabbit anti-mouse IgE were used to fix each Ig, respectively. These antibodies were diluted 1000 times with 50 mM carbonate-bicarbonate buffer (pH 9.6) and each well was treated with 100 ml of the anti-Ig solutions for 1 h at 37°C. After blocking with 300 ml of the blocking solution for 1 h at 37°C, each well was treated with 100 ml of the culture supernatant for 1 h at 37°C. Then bound Igs were reacted with 100 ml of HRP-labeled anti-IgA, -IgG, -IgM, or -IgE for 1 h at 37°C. Each well was rinsed three times with TPBS between each step. After incubating at 37°C for 15 min with 100 ml of substrate solution, the reaction was stopped by adding 100 ml of 1.5% oxalic acid, and the absorbance at 415 nm was measured with a plate reader (ImmunoMini NJ-2300, Nunc, Roskilde, Denmark).
Statistical Analysis Data were analyzed by one-way analysis of variance followed by Duncan's new multiple range test to evaluate significant differences at pϽ0.05 (SigmaPlot, Chicago, IL, U.S.A.).
RESULTS

Effect of Culture Medium on Ig Production by Mouse Splenocytes
To examine the effect of culture medium on Ig production by mouse splenocytes, the cells were cultured for 7 d in DMEM or RPMI 1640 medium supplemented with CDFBS or FBS with or without adherent cells. Adherent cells were removed by incubation of lymphocytes at 37°C for 30 min. Ig contents culture supernatants were measured by ELISA.
As shown in Table 1 , the IgA level was much lower in DMEM medium than that in RPMI 1640 medium in the absence of adherent cells. In DMEM medium, medium IgA levels in the presence of adherent cells were much higher than those in the absence of adherent cells, but time-dependent accumulation of IgA as observed in RPMI 1640 medium was not observed in DMEM medium even in the presence of adherent cells. In the case of IgG, time-dependent accumulation was observed only in RPMI 1640 medium supplemented with FBS, and IgG was not detected in DMEM medium (Table 2 ). In the case of IgM, time-dependent accumulation was observed in both RPMI 1640 and DMEM media (Table 3) . In DMEM medium, the accumulation was faster in the presence of adherent cells than in the absence of adherent cells. In some cases, PR enhanced medium IgM level in the cells cultured in DMEM medium. In most cases, IgM levels were higher in CDFBS-supplemented cultures than those in FBS-supplemented cultures.
In the case of IgE, medium levels were higher in RPMI 1640 medium than in DMEM medium, and time-dependent accumulation was observed only in RPMI 1640 medium ( Table 4 ). The effect of PR and serum on IgE production in DMEM medium was negligible.
Effect of Serum Concentration on Ig Production by Mouse Splenocytes To examine the effect of serum concentrations on Ig production, mouse Splenocytes with adherent cells removed were cultured for 7 d in DMEM medium containing various concentrations of FBS or CDFBS. As shown in Fig. 1 , IgA, IgM, and IgE levels reached the maximum level within 1 d, and then retained plateau levels during 7 d of incubation. In both FBS and CDFBS, a dose-depen- dent increase in medium IgA level was observed with the increase in serum concentrations. Similar effects were observed on the levels of IgM and IgE. In this medium, production of IgG was very low in all culture conditions.
In the case of IgM, a second increase in medium IgM level was observed at days 5 and 7 in PR(ϩ) DMEM medium supplemented with 5% or 10% FBS and in PR(Ϫ) DMEM medium. In the absence of FBS, the IgM level was higher than in serum-supplemented cultures in PR(ϩ) DMEM medium on day 1, but decreased with the cultivation period. A similar decrease in medium IgM level was observed on days 5 and 7 in PR (Ϫ) DMEM medium without serum. To evaluate the effect of environmental estrogens and flavonoids on Ig production, mouse splenocytes were cultured for 7 d without adherent cells in PR(Ϫ) DMEM medium containing 10% CDFBS in the presence of various concentrations of these chemicals. As shown in Fig. 2 , the natural estrogen ES enhanced medium IgE level at concentrations above 1 mM. In addition, an increase in medium IgM level was observed at concentrations between 10 nM and 10 mM. However, enhanced medium IgA and IgG level were not affected by ES. DES also enhanced the IgE level at concentrations above 1 mM, whereas no increase in IgM level was observed. Tam also enhanced the IgE level at 100 mM, and markedly enhanced the IgM level at concentrations between 10 nM and 10 mM. The maximum IgM level was observed at 100 nM. In the case of industrial chemicals, BisA decreased the IgE level, whereas it enhanced medium the IgM level at all concentrations tested.
Dose-Dependent Effect of Environmental Estrogens and Flavonoids on Ig Production by Mouse Splenocytes
In addition, the effects of flavonoids on Ig production were examined. As shown in Fig. 3 , daidzein decreased medium IgE level at concentrations below 1 mM, but enhanced it at concentrations above 10 mM. An increase in medium IgM level was observed at concentrations above 10 mM. Genistein also decreased medium IgE level at a concentrations below 10 mM, but enhanced it at concentrations above 100 mM. In this case, a decrease in IgM level was observed at 100 and 1000 mM. Quercetin and luteolin enhanced medium IgE level in a dose-dependent manner at concentrations between 10 nM and 100 mM. In the presence of these flavonoids, a significant decrease in medium IgM level was observed at all concentrations tested here.
DISCUSSION
In the present study, we evaluated the effects of culture medium and serum components on Ig production by mouse splenocytes. Previous studies showed that PR(ϩ) DMEM medium containing FBS stimulated proliferation of MCF-7 cells more strongly than that of PR(Ϫ) DMEM medium containing CDFBS (unpublished). On the contrary, we observed here that the medium containing CDFBS enhanced Ig production more efficiently than the medium containing FBS. These results suggest that normal serum contains some factors that inhibit Ig production by mouse splenocytes. In addition, we showed that RPMI 1640 medium supported Ig production more efficiently than DMEM medium. These results suggest that the composition of synthetic medium strongly affects Ig production by mouse splenocytes.
Moreover, we evaluated the effect of culture medium on Ig production by mouse splenocytes with or without adherent cells, and found that medium Ig levels of mouse splenocytes without adherent cells were markedly lower than those with adherent cells. We also evaluated the effect of serum concentrations on Ig production by mouse splenocytes and found that the serum concentration affects Ig production by mouse splenocytes, especially IgA and IgM production In this study, we examined the dose-dependent effect of environmental estrogens and flavonoids on Ig production by mouse splenocytes. In previous studies, ES has been reported to affect all major immune cells, including T, B, and antigen-presenting cells. 10, 11) Wira and Sando 12) reported that ES regulated the levels of serum and uterine IgA, IgG, and IgM and increased antibody production to several nonself and self-antigens. In addition, an earlier increase in serum IgG production has been reported in ES-treated mice. 1) In the present study, we showed that ES enhanced medium IgM and IgE levels in mouse splenocytes, but not IgA and IgG levels. The increase in IgM level was observed at physiological levels.
It has also been reported that prenatal exposure of women to DES not only increased the incidence of vaginal changes, 13) but also induced autoimmune diseases. 14, 15) In the present study, DES enhanced medium IgE level, whereas it decreased the IgM level at all concentrations tested. These results suggest that DES induces potential immunotoxic effects in human beings. On the other hand, pharmaceuticals such as Tam and BisA enhanced medium IgM level at physiological concentrations. It has also been reported that BisA affects cellular functions or cytokine production. Ansar reported that mouse splenocytes were sensitive the immunomodulatory effects of BisA and higher concentrations of BisA inhibited adherence of macrophages, which is an essential prerequisite for phagocytic functions of macrophages. 1) We also evaluated the effect of flavonoids on Ig production by mouse splenocytes. Flavonoids are a group of natural phenolic antioxidants, which have been reported to inhibit chemical mediator release such as histamine and leukotriene B 4 (LTB 4 ). Among them, quercetin and luteolin exerted strong inhibitory effects on LTB 4 release. 16) In addition, genistein has been reported to inhibit secretion of chemokines, such as inflammatory macrophages. 17) In the present study, we observed that daidzein enhanced medium IgE and IgM levels at concentrations above 10 mM in mouse splenocytes, and genistein induced a decrease in the IgM level and an increase in the IgE level at concentrations above 10 mM. In addition, quercetin and luteolin induced a marked increase in IgE levels at all concentrations tested, but the increase of IgA, IgG, and IgM level was not observed. These results suggest that flavonoids affects to Ig production with a complex manner.
These results suggest that both culture medium and serum components strongly affect to Ig production by mouse splenocytes.
